OBJECTIVE: The aim of this work was to assess the speci®c food type (high carbohydrate, high fat, high protein) preference pro®les of individuals with Prader-Willi syndrome (PWS), obese controls and normal weight individuals. DESIGN: Subjects tasted a food predominantly high in carbohydrate, a food predominantly high in protein and a food predominantly high in fat over repeated trials and indicated their most preferred, second preferred and least preferred foods. Speci®c items tested on a given trial were counterbalanced in a block randomized fashion. SUBJECTS: These were 12 individuals with Prader-Willi syndrome, 12 matched obese controls (obese, but otherwise normal) and 14 normal weight subjects. MEASUREMENTS: The basic data were expressed as a proportion of each food type selected as most preferred over the total 27 trials. RESULTS: PWS subjects preferred high carbohydrate foods over high protein foods and high protein foods over high fat foods. These subjects demonstrated a statistically reliable difference in preference for high carbohydrate foods over high fat foods. However, normal weight and obese control subjects demonstrated no difference in food preferences. The only signi®cant between-group comparisons were between PWS subjects and obese controls, with the PWS group showing a signi®cantly greater preference for high carbohydrate foods than obese controls. CONCLUSIONS: The obesity of PWS was shown to have a signi®cant and distinctly different food preference pro®le from normal weight and obese controls. The differences in food preference between the obese PWS and non-PWS subjects is in accord with the growing recognition of functional subgroups within the obese population, that may have not only differing underlying etiologies, but also distinct behavioral pro®les of ingestion.
Introduction
Obesity is increasing as a major health risk factor in modern western societies.
1,2 While we understand that obesity results from an imbalance between energy intake and energy expenditure, whereby excess adipose tissue accumulates, the exact cause of obesity is not well understood. However, research suggests that obesity is multifactorial, polygenic and environmentally in¯uenced. 3±7 In addition to differences in metab-olism and rates of lipogenesis, it is also the case, that all calories may not contribute equally to weight gain. One factor possibly involved in obesity that may lead to increased caloric intake, is the macronutrient content of the diet. 8 Additionally, the decreased satiating effects of fat relative to carbohydrates has also been implicated in obesity. 9±12 Furthermore, recent research on the relationship between nutrient intake and the development of obesity, suggests that a high protein diet early in life could increase the risk of obesity later in life. 13 Moreover, recent studies indicate that at least partially differentiated central mechanisms and neurotransmitter systems are involved in the regulation of speci®c macronutrient intakes. 8 In view of these ®ndings, greater attention to the speci®c food preferences, with regard to their proportion of carbohydrate, protein or fat content, and patterns of intake in obese populations, may assume increasing importance.
Hyperphagia-associated obesity of the Prader-Willi syndrome (PWS), offers a potentially important model of obesity, because of the emerging recognition of it being caused by a localized, single genetic abnormality. 14±25 Approximately 70% of clinically typical patients with PWS have a chromosome deletion [15(q11±q13) ].
14, 26 The generally accepted incidence of PWS is approximately 1:15 000, although the disorder remains dif®cult to diagnose. 25 Clinical variations, changes in phenotype, non-speci®c and subtle features, and features that change with age, compromise diagnosis. Criteria for the clinical diagnosis of PWS are based on a weighted scoring system divided into the following sections: major criteria, minor criteria and supportive ®ndings (weighted one point, one-half point, and 0 points, respectively). Children aged 3 y require a total score of ®ve points (four points should come from major criteria), and children aged 3 y to adulthood, require eight points (®ve points from major criteria) for diagnosis of PWS. 26 The major criteria of PWS include the following: infantile hypotonia; failure to thrive; hypogonadism; developmental delay; mental de®ciency (33% have an IQ of 50±70); childhood-onset (after 12 months but before age 6 y) hyperphagia and morbid obesity; characteristic facial features and chromosome 15 deletion. Minor criteria include: short stature; sleep disturbances or sleep apnea; hypopigmentation and skin picking. Supportive ®ndings include: high pain threshold; decreased vomiting and normal neuromuscular studies. 26, 27 Obesity is a characteristic reported in most of the patients in large clinical studies. 28 While other factors contribute to the obesity in addition to hyperphagia, which include decreased caloric requirements, decreased muscle mass and inactivity due to low muscle tone, hyperphagia remains the predominant cause. 25 Early diagnosis of PWS is critical to obesity prevention and resulting morbidity, 26, 29 and even with early diagnosis, individuals are able to lose weight only when hypocaloric diets (500± 800 kcal/d) are prescribed. 30, 31 These diets lack recommended daily requirements for children and thus impede proper and normal growth. 25 Cassidy 25 reports that the consequences of severe obesity in PWS patients include somnolence, diabetes mellitus, poor social acceptance and cardiopulmonary compromise (death, due to heart and lung problems). At the present time, there has been no systematic study of food preferences of PWS-associated hyperphagia. The single existing report on food preferences suggests a preference for sweets. 32 This is intriguing, because carbohydrate supplemented meals have been shown to signi®cantly suppress post-meal food intake in normal weight and obese individuals. 11 Evidence of food preferences may be potentially important ®nd-ings, as they may point towards more speci®c central mechanisms 33±35 involved in both food preference and weight gain. There is also a growing need to establish normative data on food intake patterns in PWS relevant to contrast groups such as obese and normal weight controls. 32, 36 PWS may represent a speci®c population of obesity as de®ned by speci®c food preferences and intake. The aim of this study was to assess the food preference pro®les of PWS, normal weight and obese control groups, by means of a novel taste test.
Methods

Subjects
Food preferences were examined in 12 subjects with Prader-Willi syndrome, 12 obese controls and 14 normal weight subjects. (See Table 1 for physical characteristics of subjects.) PWS subjects were selected from the patient population at Children's Hospital (Columbus, USA) and were diagnosed by the Pediatric Genetics and Birth Defects Clinics of The Ohio State University or other medical centers who referred patients for evaluation. All PWS patients had at least ®ve major criteria for the diagnosis of PWS in individuals aged b3 y as outlined by Holm et al. 26 Eight of the twelve subjects (5 female, 3 male) had an interstitial deletion of 15(q11±q13) which has been reported to occur in approximately 70% of individuals with PWS. 14, 17, 18 The obese control group consisted of individuals who were severely overweight (at least 30% over ideal body weight for height) but had no evidence of an organic disease to account for their obesity. Obese controls were matched with PWS subjects as well as possible, with the priority of gender, pubertal development Tanner stages, weight and age (Table 1) . Normal weight subjects were healthy college student volunteers who were within 90±110% of ideal body weight for height. All subjects were in general good health, had no known seizure disorders, were not taking any mood altering drugs and had not taken any psychoactive drugs for at least two weeks.
The present study was reviewed and approved by the Biomedical Sciences Human Subjects Review Committee at The Ohio State University and the Human Subjects Research Committee at the Children's Hospital Research Foundation.
Procedure
Food preferences were examined in all subjects in the afternoon, 3±4 h after admission to the hospital. Sub- Prader-Willi syndrome (PWS) subjects were matched with obese controls, as well as possible, with the priority of gender, Tanner Stage of pubertal development (See NOTE below), weight and age. PWS subjects, however, were in clinical treatment for obesity and on restricted diets thus accounting for the lower body weight of the PWS males compared to the obese control males. Additionally, there were more females who volunteered for this study than males in the PWS group. The only differences in group means were between the ages of female PWS subjects and female obese controls: t(12) 3.803; P 0.003; and height: t(12) 4.1; P 0.001. Although the PWS females were older and shorter than the obese control females, subjects did not show differences in Tanner jects were not permitted to eat any food and were permitted to drink only water or non-caloric beverages until the start of the food preference test. A taste test was used to determine the most preferred food in each of the three subjects groups. The test consisted of concurrent presentation of three food items representing foods predominantly high in each of the general macronutrients: carbohydrate, protein and fat. A total of three variants of each food type (high carbohydrate, high protein, high fat) were tested (all unsalted). High carbohydrate foods included cooked cereals: oatmeal, cream of wheat and cream of rice. High protein foods included chicken, beef and turkey, strained and unsalted baby foods. High fat foods included unsalted butter, unsalted margarine and vegetable shortening. Three variants of each food type were used to minimize preference ranking for a single particular variant which might mask actual preference ranking for a general class of foods predominantly high in carbohydrate, protein or fat. That is, an individual might dislike cream of wheat (a single high carbohydrate food) and rank it as least preferred, but might not, in general dislike other high carbohydrate foods. Alternatively, an individual might like oatmeal and rank it as most preferred, but might not, in general, like other high carbohydrate foods.
All foods were prepared to a spread consistency and were served at room temperature. The food items were selected on the basis of minimizing texture, odor and color. In addition, the selection process omitted foods that had added¯avoring or seasonings that would effect palatability independent of the food type. Naturalistic foods that subjects would likely be familiar with, were used in order to avoid preference rankings based on novelty. Although we did not use pure macronutrients, except for the fats, we compromised with foods that had a maximal/predominant content of the macronutrient tested. Each 0.125 tsp of food type consisted of the following percentages of macronutrients (carbohydrate C; protein P; fat F: cream of wheat (88% C, 12% P); cream of rice (91% C, 9% P); oatmeal (77% C, 14% P, 9% F); beef (67% P, 33% F); turkey (61% P, 33% F, 6% dietary ®ber); chicken (59% P, 41% F).
Plastic spoons containing 0.125 tsp amounts of each food were presented for tasting. For each trial, a food triad consisting of one of the variants of each of the food types (1 high C food, 1 high P food and 1 high F food) was presented, and the subject was asked to taste the items. Water was used as a mouth rinse between tastes to minimize carryover from the previous sample. Subjects were instructed to spit out all water and wipe their lips dry with a paper towel. Immediately following a trial, the subject was then asked to select (rank) his/her most preferred item and then the next preferred item. After each preference ranking, the subject was rewarded with an opportunity to ingest 0.25 tsp of the selected food item. These optional food reinforcements were included for all subjects, but were used primarily as incentives for PWS subjects to make a ranking choice. In other words, the subject was motivated to make a choice so they could get back to eating the food they liked. After each completed trial, the subject rinsed his/her mouth with water and was permitted to swallow water at this time. Subjects again wiped their lips dry with a paper towel prior to the next trial. Each triad was drawn in a constrained random fashion, with combinations tested over 27 trials. Trials were separated by 1 min. The test session lasted about 1 h.
The speci®c items tested on a given trial were counterbalanced in a block randomized fashion. For each trial, one variant of each food type was randomly selected and ordered (for position in the array presented to the subject). The trials were constrained, in that once an array of a speci®c combination of variants was presented, that combination was not repeated. Thus, all 27 combinations (3 6 3 6 3) were tested.
Data analyses
For each test trial, the subject's most preferred, second preferred and least preferred choices were recorded. For further analysis, the basic data were expressed in proportion of each food type selected as most preferred over the total 27 trials. With the resulting preference pro®les (Table 2) , speci®c comparisons between and within PWS, normal obese and normal weight groups were calculated.
Since three selections of each of the food types was employed, and each was presented over multiple trials, the consistency of these preferences was analyzed. That is, the between-class variance in preferences was contrasted with the within-class variance.
As stated in the food preference testing procedures, subjects were offered the option of eating an additional 0.25 tsp of a food after selecting it as most preferred, second or least preferred. Some subjects never ate these additional portions. For individuals who did ingest selected additional items, further analyses compared the probability of ingestion with the preference data. That is, the variance in preference for the three selections of each of the food types was contrasted with the between-class variance.
Results are expressed as mean AE s.e.m. Statistical signi®cance of differences in the distribution of preferences was evaluated using chi-squared test for independence, one-way analysis of variance (ANOVA), Mann-Whitney U tests and Wilcoxin signed rank tests. 
Results
Effects of group on most preferred food type
There was a signi®cant difference in the distribution of food preferences between groups as revealed by a chi-squared test for independence (w 2 (4, n 38) 111.97, P`0.0001). As illustrated in Figure 1 , further analyses revealed selective food preferences only in the PWS group (w 2 (2, n 12) 11.65, P 0.003), with high carbohydrate foods preferred the most, high protein foods next, and high fat foods the least. Post hoc analyses to identify the source of this signi®cance only revealed statistically reliable differences between high carbohydrate foods and high fat foods (Wilcoxin signed rank tests (T(12) 1.0; P 0.001). Additional analyses revealed that the PWS group showed signi®-cantly greater preference for high carbohydrate foods than normal obese subjects (Mann-Whitney U(24) 34.0, P 0.03). No other preference comparisons between groups were signi®cant.
Group differences in optional food reinforcements
An additional group difference emerged in the present studies. None of the normal weight or obese controls chose to eat the optional 0.25 tsp of selected foods, offered to them after the ratings. In contrast, eight of the twelve PWS subjects chose to eat, at least on some trials, the optional foods. Analyses performed with the foods eaten by the PWS subjects revealed signi®cant differences in the food types that were ingested (w 2 (2, n 24) 16.36, P 0.0003), with high carbohydrate foods more likely to be eaten than high fat foods.
Additional analyses
Separate ANOVAs were performed for each group of subjects to investigate whether the like or dislike of a single variant (for example, oatmeal) of the three variants of each of the food types (for example, the three high carbohydrate variants: cream of rice, cream of wheat and oatmeal) was masking the overall preference for a particular food type (that is, high carbohydrate, high protein or high fat). A difference in consistency of preference, for any of the three variants, of each of the food types, was observed only in the PWS group (F(2,35) 3.45; P 0.05). Additional analyses revealed that the PWS group preferred cream of wheat to oatmeal (P`0.05).
Discussion
In the food preference test, PWS subjects showed signi®cant preferences, in the order of high carbohydrate foods b high protein foods b high fat foods. In contrast, neither normal weight or obese control subjects demonstrated selective food type preferences. The present ®ndings of a speci®c preference for foods high in carbohydrate among PWS, may re¯ect the underlying pathology of this syndrome and may be an important ®nding in the ultimate understanding of central disturbances of feeding systems. In view of the multiple anomalies of PWS and the ®ndings of the present study, subsequent research must be pursued.
Sclafani 37 suggests that the rate of absorption may be a factor in the individual's consumption and body weight response to carbohydrates. Since our PWS subjects signi®cantly preferred high carbohydrate foods, rate of absorption may play some role in their obesity. Moreover, obese individuals may be unable to regulate their intake of carbohydrates, consuming excess calories in the form of carbohydrate snacks. 38 Berridge, 39 in discussing the functional components and brain substrates of food reward, suggests that distinct psychological and functional components may comprise food reward. He separates liking (pleasure/palatability) from the wanting (appetite/incentive) a food. Furthermore, Berridge 39 proposes that the neural substrates of liking and wanting, that make up a food reward, may be distinguishable from an individual's subjective report or conscious awareness of these processes.
The clinical ®ndings in PWS suggest that the genetic defect results in hypothalamic abnormalities. Such a conclusion derives from the observation of dysregulation of multiple hypothalamic-controlled functions. In addition to the appetite dysregulation, these individuals have abnormal growth, pubertal development and temperature regulation, and also autonomic dysfunction. Short stature with growth hormone de®ciency or insuf®ciency, is also a characteristic of PWS suggestive of hypothalamic dysfunction. This is interesting, since growth hormonereleasing factor (GRF) administered intraventricularly in rats, increased food intake in satiated animals independent of growth hormone release. 40 Further- Figure 1 Percent of food type selected as most preferred over all trials (M AE s.e.m.). *P 0.001. Additionally, the Prader-Willi syndrome (PWS) group showed signi®cantly greater preference for high carbohydrate foods than obese controls (Mann-Whitney U(24) 34.0, P 0.03).
Food preferences A Fieldstone et al more, a recent report of the histopathology of the paraventricular nucleus (PVN) of the hypothalamus of ®ve PWS patients, has shown a decrease in the size of the PVN and a signi®cant difference in the density of neuronal cell bodies in the parvocellular region of the PVN. 41 This is of interest, since acute administration of neuropeptide Y into the paraventricular nucleus (PVN) of rats with pure macronutrient diets available to them, potentiates carbohydrate ingestion but had no effect on the ingestion of protein or fat. 42 Similar tests with norepinephrine injections into the PVN, resulted in a substantial increase in carbohydrate ingestion, but had little effect on fat intake and even suggested a suppression of protein intake. 35 Work on both the genetic and anatomic bases of PWS has raised the possibility of central neurochemical anomalies in this syndrome, that may contribute to the eating disorder. One neurotransmitter of special interest is GABA, since hypothalamic regions implicated in food intake have a high concentration of GABA receptors. 43 Moreover, benzodiazepines (BZD) which potentiates GABA action at the GABA A receptor complex, have been shown to be potent appetite stimulants in animals. 44, 45 Although the critical chromosomal region for PWS (abnormality/deletion) does not include the GABA receptor gene, the gene encoding the GABA A receptor b 3 (GABRb3) subunit does map to the chromosomal region associated with the visible deletion. Thus, the GABRb3 gene is deleted in the majority of patients with PWS. Although the speci®c consequences of the absence of the b 3 subunit are unclear at present, it would be expected to result in altered function of the GABA A receptor complex. The evidence of hypothalamic involvement in the pathogenesis of appetite abnormalities of PWS, the frequency of its concurrent deletion and its proximity to the PWS critical region suggest a possibility for hypothalamic involvement in the pathology of some, if not all, PWS patients. 20, 23 The results of the present study are not in accord with some existing data supporting a preference for a single food type, like high carbohydrate or high fat foods, in obese control subjects. 46±48 In preference tests, it is dif®cult to isolate contributions of the proportion of macronutrient, per se, from other aspects of palatability. Sweets, for example, may be preferred not because they are high in carbohydrates, but because they are sweet. High sweetness, however, is not a necessary attribute to the broader class of carbohydrates and the preference for sweets may not extend to other carbohydrates. In the present study, we attempted to minimize visual and textural differences among the food types and avoided high palatability foods. All foods used were white to off-white in color, which maximally minimized color cues and permitted the experiment to be run in a naturalistic setting. Although the origin of taste preferences can be gustatory and/or olfactory, we did not restrict the subjects by using nose clips as we wanted to maintain a context of familiarity, not novelty, in our testing procedure.
Odor cues from lipid-soluble volatiles may play a part in taste preference, but high fat foods were not preferred by any of the groups in our study. The high protein foods we used did contain fat. However, high protein foods were also not most preferred by any of the groups and high protein foods were preferred over high fat foods in the PWS group, thus our interpretation of the data was not affected.
Energy density may play a part in taste preference; however very small quantities per taste (0.125 tsp amounts) were used. There were an average of 3.7 calories per 0.125 tsp. The average weight of an individual was 84 kg, resulting in each taste amounting to 0.04 kcal/kg of body weight. Caloric density has been suggested to play a role in appetite. At an average of 0.04 kcal/kg of body weight per taste, the authors are not aware of any studies that suggest that such a caloric density per kg of body weight, would have any effect on preference.
Also, even though high fat foods are more dense than high protein or high carbohydrate foods, high fat foods were not preferred by any of the groups in our study. Although the high protein foods used did contain fat, high protein foods were also not most preferred by any of the groups and high protein foods were preferred over high fat foods in the PWS group. Although high carbohydrate foods contained some protein, subjects did not prefer high protein foods over high carbohydrate foods.
All foods employed in the present study would generally be considered bland and this may account for the discrepancy with some prior studies in obese controls. 7Y46Y47Y49 Furthermore, the preferences displayed by the subjects in our study may have little relativity to their eating behavior outside the context of the experiment. The range of IQ for the PWS subjects in this study approximated the range of IQ in the PWS population (average 50±70 IQ). Also, the PWS subjects used, were volunteers from a clinical population and were on restricted diets for weight management. These are important factors that may affect the eating behavior of the PWS subjects in the study. Statistical power is important in the interpretation of our results because food intake is highly variable and in¯uenced by many factors. In the PWS group, the power of the test to detect the obtained differences in preference as signi®cant were as follows: high carbohydrate over high fat 0.95; high protein over high fat 0.90; and, high carbohydrate over high protein 0.80. Our ability to draw conclusions about within-and betweengroup differences, with regard to the obese control and normal weight groups is, however, limited in terms of statistical power. The average variance within the obese control and normal weight groups was large, making the power of most of our tests with these groups below 0.80. However, in testing for high carbohydrate food preference between groups, we did attain a power of 0.80. Although results of a one-way ANOVA were not quite signi®cant (F(2,37) 2.62; P 0.08), a trend toward high carbohydrate food preference in all three groups might exist. Furthermore, although no signi®cant differences in preference for any food type were found within the obese control or normal weight groups, we do not have suf®cient power to conclude that these groups show no difference in preferences.
In summary: 1) The present study documents potentially important differences in food preferences between PWS obesity and non-PWS obese groups; 2) Although our obese controls did not differ from the normal group in respect to food type preference, under other assessment contexts such differences may have been observed; 3) Findings are in general accord with the emerging understanding of multiple neural systems and mechanisms underlying control of food intake, and with the concept of subtypes of obesity; and 4) PWS presents a clearly differentiated subgroup with a distinct genetic basis that may point to speci®c anomalies in central circuits regulating carbohydrate intake. The results of the present study provide new foundations for future research into food intake behaviors in PWS, normal obese and normal weight subjects.
